INTRODUCTION
Heart disease is the leading cause of death in the United States, and coronary angiography is the standard for detection of critical disease. [1, 2] Many patients undergoing angiography are found to have normal coronary arteries. [3, 4] Recently, however, the accuracy of angiography has been questioned. Investigations with intra-vascular ultrasound show high-risk lesions in many vessels with no apparent disease seen via standard angiography; these lesions are at risk of rupture and acute thrombus formation despite negligible luminal stenosis. [5, 6] False-negative angiograms could lead to under-treatment of modifiable risk factors or failure to protect patients with coronary heart disease (CHD) from life-threatening cardiac events.
Emergency physicians frequently use reports of prior angiographic findings to risk-stratify patients complaining of chest pain or anginal equivalents b e c a u s e i t i s t h o u g h t t h a t a n g i o g r a m s p r o v i d e important prognostic information. Previous studies suggest that patients with documented non-critical lesions on angiogram have progression of disease and higher mortality, while those with normal angiograms reportedly have excellent outcomes. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Unfortunately, selection bias, brief follow-up periods, and small sample sizes prevent the generalizability of these earlier fi ndings.
This study was undertaken to track the development of coronary heart disease, need for revascularization, and all-cause mortality over 5 years in a diverse cohort of patients with documented normal coronary arteries. We hypothesized that outcomes in this broader population would be worse than those seen in previously selected study populations.
METHODS

Study design
This was a retrospective chart review of adult patients found to have normal coronary arteries during angiogram. Normal was defined, a priori, as absence of any angiographic abnormality, including minimal luminal irregularity and non-critical stenosis.
Setting
This study was conducted at an urban, academic tertiary referral center with diagnostic, interventional, and emergency cardiology services. Approximately 1400 coronary angiograms are performed annually. The study was approved by the local Institutional Review Board.
Selection of participants
Consecutive subjects were selected from among every patient undergoing cardiac catheterization between January and May, 2009. Reports of angiographic fi ndings were reviewed to identify those with normal coronary arteries. Subjects were excluded if any abnormality, including minimal luminal irregularity or non-critical stenosis, was reported in the description of angiographic fi ndings. Subjects who underwent angiogram for valvular heart disease or for pre-or post-cardiac transplant surveillance were also excluded. Subjects were included if they were older than 18 years and did not die during their initial hospitalization. Subjects were not excluded based on indication for angiogram (abnormal rest or stress testing, risk factors), age, co-morbidities, or initial hospitalization status (inpatient, transfer, outpatient).
Data collection and monitoring
Data were extracted to a standardized case report form by a study physician. The natural course of those with angiographically normal coronary arteries was followed through medical record review for 5 years after the date of the initial angiogram. Subjects were tracked through 2 electronic medical records systems containing documents from a six-hospital regional health system and hospital-based clinic visits. The Social Security Death Master File was searched for all subjects with unclear survival at 5 years; this query was performed at least 12 months after the end of the study period. In addition to the medical record review, records of all repeat angiogram-related visits for included subjects were reviewed to estimate the proportion developing coronary heart disease during the 5-year period. Data elements were predefined according to standardized reporting guidelines for studies of chest pain patients. [26] While this study does not focus primarily on chest pain, these guidelines provide a framework for contextualizing the study sample and extrapolating these findings to chest pain patients with prior normal angiograms. Records from the index visit were used to obtain subject demographics, coronary heart disease risk factors, cardiovascular medication use, indication for angiography, symptoms at admission, initial electrocardiogram findings and ejection fraction.
Outcome measures
Outcomes after the index visit were defined as development of coronary heart disease based on repeat angiography, need for revascularization, and all-cause mortality. For each event, the type of event, date of event, and mortality status were abstracted. The full fi ve year event history was obtained for patients surviving to 5 years; otherwise, observations ended at death. A repeat angiogram was defined as normal when there was no angiographic abnormality, whereas findings of minimal luminal irregularity, non-significant stenosis, or other lesions were considered abnormal.
Primary data analysis
Data are described using means and standard deviations for continuous variables, and frequencies and proportions for categorical variables. Median survival, and 95% confidence intervals for survival, was estimated from Kaplan-Meier survival curves. Cox's proportional hazards model was used to estimate relative risk for death or adverse events. The data were managed in Microsoft Excel (Microsoft Corporation, Redmond, WA) and analyzed using SPSS v 15.0 (SPSS Inc. Chicago, IL).
RESULTS
Of 582 patients undergoing coronary angiography without intervention between January and May 2009, 182 (31%) were found to be normal. After excluding angiograms performed for pre-transplant evaluation, post-cardiac transplant surveillance, and structural heart disease, there were 129 patients with an indication eligible for inclusion. Patient demographics, risk factors, and indications for initial normal angiogram are shown in Table 1 .
Main results
Complete 5-year medical records were available for 70 of the 129 patients. Survival for the remaining 59 patients was determined by SSDI review.
Overall, there were 19 adverse events among the 129 patients. Survival and event-free survival are shown in Figure 1 . Observed all-cause mortality was 10.1% (13/129, 95CI 5.7% to 16.9%). Among those who died, median survival was 106 weeks (0 to 246 weeks). Causes of death were cardiac in 3 patients, multi-organ system failure in 2, ischemic stroke in 1, malignancy in 1, and unknown in 6 (determined by SSDI review).
There were 15 patients who underwent repeat angiography. New angiographic lesions were found in 6 (40.0%; 95CI 19.8% to 64.3%). Patients developed coronary heart disease between 2 and 5 years after initial angiogram. One patient underwent percutaneous coronary intervention. Another patient, with normal initial angiogram who developed coronary heart disease on repeat angiogram but did not receive intervention, was resuscitated after an out-of-hospital cardiac arrest and survived through the 5-year observation period.
Univariable analysis (Table 2) showed that diabetes was associated with increased risk of death. Diabetes and an ejection fraction <55% were associated with increased risk of any event. The composite TIMI risk score and other individual traditional risk factors of coronary heart disease (smoking, hypertension, hyperlipidemia, family history) were not associated with an increased risk of death or event. [27] Variables 
DISCUSSION
Coronary angiography offers clinicians both diagnostic and therapeutic opportunities. Emergency physicians frequently rely on previous angiogram results to risk-stratify patients with complaints of angina or angina-equivalents. While angiography is often considered to be the standard for coronary heart disease assessment, it is not perfect. Many non-diseased segments on conventional angiogram are found to have disease on intra-vascular ultrasound. [5, 6] Compensatory enlargement may allow the left main coronary artery to appear normal, even in presence of disease, because the luminal area does not decrease until there is more than 40% obstruction. [28] Documentation of coronary heart disease encourages more aggressive medical therapies for secondary prevention, even if direct intervention is not required. [29] Additional non-cardiac evaluation and treatment is often recommended for patients with normal angiograms. [30] Although few of these subjects required percutaneous intervention, the observed development of coronary heart disease might have been mitigated with risk-factor modification and initiation of drug therapies to prevent advancement of disease.
Traditionally, patients with a history of a prior normal angiogram are forecast to be at low risk for cardiovascular morbidity and mortality, but the present study suggests otherwise. Previous studies have been inconsistent in findings of disease progression, with some showing disease development and others showing continued normal fi ndings. [7, 8, 16, 18, 21, 22, [31] [32] [33] [34] These studies are limited by small sample sizes (3-27 subjects) and are focused on young patients without significant comorbidities who are unlikely to develop disease during short follow-up intervals.
Our outcomes are likely different due to our longer follow-up interval and lack of exclusion of patients with preexisting diabetes mellitus, hypertension, or cardiomyopathy. Indeed, such subjects were specifically included to provide a more diverse comparison cohort to allow emergency physicians to interpret previous angiographic fi ndings in patients with medical co-morbidities.
The mean TIMI risk score for the group was 1.6 (range 0-4); when applied to patients suffering from unstable angina or non-ST segment elevation myocardial infarction (a much higher risk group than this study population), this score predicts a 5%-8% chance of death, myocardial infarction, or need for revascularization within two weeks. [27] The observed 10.1% 5-year mortality and considerable rate of coronary heart disease development suggest that these angiographically normal subjects are at higher risk than the previously reported. Univariable analysis indicated that no traditional risk factor besides diabetes was predictive of death or event. Interestingly, however, a prior normal angiogram is the leading indicator of a high-risk adverse event, despite the traditional thought that this would identify a low-risk population.
Limitations
This study is limited by its reliance on the medical record for data elements. However, the main outcome variables are dichotomous, explicitly defined, and not subject to interpretation bias. We conservatively report adverse events as what is known to be true; subjects who did not undergo repeat angiography are presumed to have remained normal, and subjects without known death are presumed to have survived for at least 5 years. There is the possibility of missed events, although the use of shared medical record systems allowed non-site visits to be captured and missed events would have only served to Table 2 . Relative risk of death or event for demographic, risk factor, and angiogram data increase the power of our results.
Original angiographic images were not reviewed by the study physicians. It is possible that some subjects reported as normal had minimal luminal irregularities on the initial angiogram. Such false negative patients may bias the outcome towards a higher mortality. However, in clinical practice, only the study's report, not the actual angiographic images, is typically available to emergency physicians to guide therapy and provide risk-stratifi cation information.
All subjects underwent angiography at a tertiary referral center caring for the region's indigent patients. As well as possible differences between the population served at the study hospital and those at community hospitals, it is possible that more acutely and chronically ill patients were studied than at other hospitals. However, only patients with initially normal angiograms (theoretically those at the lowest risk) were followed up. The overall normal rate was 31.3% (182/582), which is comparable to past studies. [13] Six of the subjects who did not survive were identifi ed as dead from review of the Social Security Death Master File; therefore, specific causes of death cannot be determined. All-cause mortality, including large numbers of unknown causes of death, have been used as end-points in previous prognostic studies. [13, 18, 20, 21] Based on the fi nding of new coronary heart disease in the subgroup that underwent repeat angiography it is possible, but not certain, that coronary heart disease contributed to these deaths.
In conclusion, there is significant risk for death and coronary heart disease development during the natural 5-year course in a diverse cohort of subjects with normal coronary arteries. While the length of time for which a normal angiogram can be considered valid remains unclear, a patient cannot be considered to be at low cardiac risk based on past angiographic results alone.
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